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Discussion. 
‘ h e  President- The PRESIDENT, in proposing a vote of thanks  to  the Author for 

his  interesting Paper,  remarked that  the  subject was one of 
growing importance. As the cost of labour and  the difficulties of 
dealing  with it increased, it became  necessary to have recourse 
in larger measure to labour-saving appliances. As the  Author 
admitted, the  Paper  did not  mention all  the  interesting elevators 
and conveyors which were in use. The appliances for dealing 
with timber, for instance, were  almost worthy of a Paper  to them- 
selves. In Norway, transporters  had  long been  used  for taking 
timber from the  water  to  the mill. There were endless chains 
running on rollers in a trough  and on an  incline which passed 
just below the  water-line,  and  the logs were floated over the chains, 
which were furnished with  vertical spikes. When a log touched 
the spikes, its weight ensured a hold, and it was thus hauled  out of 
the  water  and often transported a long distance to the mill. There 
were other appliances  for stacking  and  transporting sawn timber, 
and appliances for getting  rid of the saw-dust from the mill. The 
old plan had been a trough wherein ran  an endless chain drawing 
small boards, which scraped up  the saw-dust. The  plan now used 
was to fix below each machine in  the  mill a hopper connected by a 
pipe with  the chamber of an exhaust fan, which drew  the whole of 
the saw-dust from themill  and conveyed it through  the pipe to 
any convenient place. There it was  delivered into  that beautiful 
contrivance called a “cyclone,” by which every  particle of dust 
was caused to settle. In addition to appliances for timber, 
there were appliances for dealing with dredged material,  such as 
the  floating tubes used at  the Amsterdam Canal, and various 
other contrivances used at  the Suez Canal and  the Manchester Ship 
Canal. He merely mentioned those to show that, numerous and 
interesting  as were the appliances which  had been dealt  with  in 
the Paper, there were  many  others  which were also worthy of 
consideration. 

’I‘he Author. The AUTHOR exhibited a number of lantern-slides  illustrating 
various  appliances for the mechanical handling of materials, 
including  the  Phillip  lighter (Figs. 42) for carrying  grain  and for 
discharging  it, at  the  rate of 120 tons  per  hour, to a barge elevator. 
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Between the double keelson ran a band conveyor 28 inches wide, The Buthor. 
which delivered into the small fixed elevator placed in the stern 

of the lighter.  Both were driven by electromotors of B.HP. 
The bottom of the barge was hoppered  to save trimming. These 
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The Author. lighters carried 200 tons of grain,  and  a  fleet of twenty-six 
brought  grain from Tilbury  to  the Port of London, for the 
London Grain  Elevator Company. He also described the appli- 
ances  for  conveying coke which  were in use at  the Margate gas- 
works. An inclined  bucket  elevator took the coke from the  retorts 
immediately  after it was quenched, and  delivered it through  a push- 
plate conveyor on to  a  coke-breaker. The coke next  went  through 
a revolving screen, which removed the breeze, and  then passed along 
another  push-plate conveyor, either  into  a series of coke hoppers, 
for delivery  into  carts, or to  a swinging conveyor which deposited 
it in  the yard. This  latter conveyor was 130 feet  long  and 16 
inches wide, and conveyed about 10 tons  per hour. It was fitted 
with intermediate  outlets with slides, so that  the coke  could  be 
delivered at  any point. 

Mr. Patchell. Mr.  W. H. PATCHELL considered that  the members were  indebted 
to  the Author for having made an addition to  the scanty  literature 
of conveying-machinery. As users, if engineers  had  not had 
practical  experience of their own, they were  almost  entirely in the 
hands of the manufacturers ; and  then  the  danger  was  the  liability 
to  take  the lowest-priced plant,  with  the  result  that  the wear 
and  tear was found to be extremely heavy. The speeds and 
other  particulars  which  the  Author  had  given would  be of 
considerable  assistance to users; and they would be even more 
so if the engineer of the Nottingham  gasworks could supple- 
ment the Table on p. 95 with  a few particulars of the sizes  of 
the machinery  and the speeds a t  which it ran. He had  had an 
unfortunate  experience  with an elevator of the kind illustrated 
in Fig. 4, with  a boot at  the bottom, and  tightening-gear  which 
gave a variable  distance  between  the bottom of the bucket 
and the boot. When used for  ashes or coal, such  a  contrivance 
was apt to become clogged;  and it would be better to make 
the clearance a t  the bottom as small  as possible, which  meant 
that  the tightening-gear  must  be at  the top, instead of at   the 
bottom. With  grain  that difficulty would not  occur;  but  with 
ashes and  clinker a sodden mass accumulated in the bottom, 
which  seriously  increased the wear and  tear on the buckets 
and chains. The  belt conveyor was one of the most fascinat- 
ing of those  which the Author had described. A long  belt 
conveyor a t  work was a pretty  sight;  but, when  desiring 
to use a belt conveyor about 500 feet  long for delivering a t  
different  points  along its length,  he  had considered the arrange- 
ment of a throw-off carriage with  “jockey” pulleys,  and  had 
fought shy of it. For simple  end  delivery, for which  they 
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were  frequently used, belt conveyors ran admirably. In  Mr. Patchell. 
connection with them the question of cost again arose. He 
had  seen  a low-priced conveyor in which the  belt had  given 
endless  trouble by  refusing  to run straight  without  a number 
of guide-pulleys at  the sides ; and, in addition to pulleys  for 
maintaining  the  dish of the belt,  such  as  were shown in Fig. 26, 
little pulleys  had  had to be put on at  right angles to those, in 
order  to  keep the  belt  in position. Side  by  side with  that conveyor 
he  had seen another  higher-priced belt running  practically  without 
guide-pulleys.  Those  facts showed the necessity  for  care in  the 
selection of a belt-conveyor. He had  tried  the  trough or tray 
conveyor, and it was surprising  what  a difference there was in  the 
wear  and  tear  when the rollers  which took the weight of the 
returning trough-supposing the  trough  to be returning under- 
neath-engaged on the edge  instead of on the flat of the  trough or 
tray. If  they were on the edge, the  grit from the  clinker soon 
cat a groove through  the rollers, like  the  cutting of an emery- 
wheel. The conveyor shown in Figs. 33,and  34 was known to most 
engineers  as the  Hunt conveyor, having been introduced  originally 
in to  England  by  an American of that name. It was a  useful  and 
convenient conveyor if  the engineer  did not object to putting a11 
his eggs in one basket;  the  great objection to it was, as the 
Author  said, that if  a  breakdown occurred it stopped the work 
completely. The introducers of the contrivance into  England  had 
recommended it-and in some cases had used it-to bring  the coal 
in  and  the ashes  out. He thought  that plan  was open to criti- 
cism. It was  impossible to get  the ash-buckets  clean  after  carry- 
ing wet  ashes ; and to use them in  the way recommended  seemed 
like  getting  the dustman to deliver bread. It would be  useful 
if the Author would state  what measures  were  generally  taken 
for preventing  choking in the  ordinary  form of bucket  elevator. 
In  the arrangement  with  large clearance at the bottom, some such 
steps  must  be  taken. He had  asked  several  contractors and 
manufacturers what  they were  doing in  that respect,  and a t  one 
time  he  had received a promise that he  should  be shown an 
excellent  arrangement  for  preventing  the choking. On going  to 
the  works  he  had  found  a boy sitting on the end of a cask, and 
holding a stick across the mouth of the boot! He  thought 
manufacturers of conveyors ought t o  be able  to  give enb' o-meers 
something better  than  that. 

Sir JOHN WOLFE BARBY, K.C.B., Past-President,  asked  whether sir J,,],~ 

the Author  had  devoted  attention  to the  shipping of coal-cargoes Wdfe 15arry 
in large  ships, in which  matter some arrangement of conveyors was 

Downloaded by [] on [13/09/16]. Copyright © ICE Publishing, all rights reserved.



110 DIBCUSSION ON MECHANICAL HANDLING OF MATERIAL, [Minutes of 

Sir John one of the  crying  wants of the day. The speed a t  which coal 
''-'lfe Uarry* could be shipped depended entirely upon manual trimming ; and 

although special vessels were built,  with a large number of hatch- 
ways, so as  to diminish as much as possible the  handling of the coal 
by men, yet  the  bulk of the coal was shipped in vessels which 
were  not  specially built  for  the traffic. In  such vessels the hand- 
ling of the coal was a source of expense and loss of time ; and 
if any machinery could be devised which would be suitable  to  the 
different kinds of vessels  used, and would serve to convey the coal 
rapidly from the hatchways  where it was deposited to  the different 
places between decks, it would no doubt meet an  important want. 
I n  view of the  many million  tons of coal shipped  every year from 
England,  there was a wide field  for any  really well-devised scheme 
for  such trimming of coal in vessels;  and  he would direct  the 
attention of those engineers who had already exercised so much 
ingenuity in such  matters, to  that requirement of the present day. 
With regard to  other modes of conveying  materials,  not touched 
upon in the Paper, he had one now a t  work under  his  direction  in 
Scotland, for dealing  with dredged material from a large dock. 
Instead of excavating  in  the  dry  and  using  tramways  or  similar 
appliances for transporting  the spoil, the contractor was dredging 
out almost the whole of the excavation under water, after  the 
construction of the walls ; the  material was  delivered into barges, 
and from the barges it was transmitted 1,000 yards  or more, 
through  large pipes, by means of a centrifugal pump  working 
under pressure. The  plan seemed to be highly successful and 
profitable to  the contractor. It was a mode  of constructing docks 
which ought not to be  neglected; because, as those who had  to 
deal with such work knew, the great risk which  had to be run in  
constructing a dock occurred while the excavation was  being 
made, and before the  water was let in. That mode  of dredging 
enabled the water to be let  in immediately after  the walls had been 
built  in trenches; and  the  walls  thus  had  the support of the  water 
while  the excavation  was being made. The transport was remark- 
ably cheap, and  the  only  thing necessary was that experience 
which would indicate  the amount of power required for breaking 
up  and  adapting  the material, so that it would pass readily 
through  the  centrifugal pumps under pressure. He commended 
the arrangement to  other engineers. One thing about it he did 
not like, namely, to find that  the whole of the  apparatus came  from 
Holland, and  that  British engineers  had not been sufficiently 
ingenious to make it a more regular system of work. Engineers 
often pumped material through pipes by  centrifugal pumps ; but 
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what he  had  referred to was a  systematic arrangemeat which  had Sir John 
been carefully  worked  out  by  Dutch engineers, who came over to wolf. B a r r ~ .  
England  and undertook the work there  at lower prices than 
Englishmen  could touch. 

performed work somewhat analogous  to the loading  or Un- 
loading of ships, to which Sir  John Wolfe Barry  had referred. 
The Doncaster power-station  had, on one side,  a  large  York- 
shire canal  which  could accommodate barges of 200 tons 
burden,  and on the other  side a line of rails. It was  therefore 
particularly  well  situated  for  supplying  the  needs of the boilers. 
In the boiler-house there was  a conveyor with  a  large bucket, by 
means of which 4 ton of coal at a  time could be dipped from the 
barge and conveyed to any  part of the boiler-house, which con- 
tained  a  range of ten Lancashire boilers. By a  similar  arrange- 
ment, coal might be loaded from a  lighter alongside  a vessel. In 
the Doncaster  power-station, the arrangement was driven  electri- 
cally, and. was controlled by one man, who could see the whole 
operation. The  installation  had worked for a t  least 2 years,  and, 
as  far  as  he could remember, 150 tons of coal were  dealt  with 
satisfactorily in a  comparatively short time. 

which  he had seen in  the United  States was not  mentioned in  the 
Paper; it was  used in connection with blast-furnaces, and saved a 
great deal of labour. The conveyor consisted of a  series of trays 
with sloping  sides,  which ran under  a  ladle ; the molten  iron was 
run  into  the  trays, which ran slowly  for  about 200 feet  under  jets 
of water. The pigs  were then discharged into  a  railway wagon, 
having been cooled in their passage from the furnace. On p. 62 
the Author  said, ‘‘ In order to effect  perfect  discharge, the centri- 
fugal force must be snfficient to overcome the  gravity of the 
material : so that for  a specifically heavy  material it is necessary 
to  have  a  greater  centrifugal force, i.e., higher speed of elevator, 
than for a specifically  Iighter  material.” This he could not  quite 
follow, and  he would be  glad if the  Author would explain it. 
The centrifugal force, it appeared  to  him, was a  function of the 
mass, and  not of the  density of the  body; and, in vacuo, bodies 
travelling  with equal  circumferential speed would describe  similar 
paths,  irrespective of their densities. If  the friction of the  air 
were taken into account, a light body, no doubt, would not  throw 
as far  as a heavy body. He therefore  thought  the  result would 
be that for a specifically  heavy  material  a slightly lower speed, 
if anything, would be required,  rather than  a higher speed, as the 

Mr. J. N. SHOOLBRED described  briefly an installation  which Mr. S h o o l b d .  

Mr. H. B. MOLESWORTH remarked that one form of conveyor Mr. Moles- 
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>fr. hfoles- Author seemed to  suggest.  The means for  handling  material were 
often ill adapted to  the end. A glaring instance of this was the 
use of the steam travelling jib-crane in workshops. That crane 
always  reminded  him of a boy’s knife  with  twenty blades, etc., 
which was intended  for  every purpose. In attempting to open the 
gimlet, the boy generally  broke  his  nails ; and when  he  tried  to 
make  a hole with  the gimlet, one of the blades shut on his  fingers. 
The steam-cranes in workshops were like  that knife.  The  average 
weight of a  3-ton  steam-crane,  for  instance, was about 35 tons, 
and when  under a load it was, to  say the least, in a  state of 
unstable  equilibrium. The load was frequently concentrated 
almost entirely on one wheel,  and, as could be  imagined,  a 354011 
wheel-load was  destructive  to the permanent way. As soon as the 
newness of the gear  had  worn off, the crane was nearly  always 
breaking down and needing repair; it covered a  large space in 
moving  about,  and  spent  half its time in going back for  a  fresh 
load, or carrying  a bucketful of ashes. 

blr.  Brown. Mr. ANDREW BROWN remarked that,  with reference more 
particularly  to coal-elevators  and conveyors, he took exception to 
the Author’s remarks as to the necessity of having coal-elevators 
inclined,  and also as  to less power being required  for driving 
inclined  elevators than  vertical elevators. He could not see 
why, in  lifting vertically  a load suspended on a lubricated 
bearing, more power should be required than in performing the 
same work with an inclined  elevator,  which  must of course be 
longer  and  also  heavier, on account of the longer  chain  and the 
larger  number of buckets  attached  to it.  Raving  regard to the 
friction at   the sides on which the buckets  bore, an inclined 
elevator  must  require more power than a vertical  elevator, for 
lifting  the same quantity of coal through  the same height in 
a  given time. With  regard  to  throwing off at  the head, no doubt 
a t  first  sight  the inclined  elevator  was in a  better position for 
throwing  into  the shoot ; but he  had f o n d  no difficulty  whatever 
in  arranging  the throw-off of vertical  elevators so as to be perfectly 
clear. The  advantage to be reaped in either case  was often  a 
question of convenience. In many  gasworks and boiler-ranges, 
the coal was delivered at  the side of the  building;  and  then it 
became necessary, if  elevating was to  be done, to  throw the coal 
over at  an angle, in order to  get it into  the continuous conveyor 
which  was to deposit it   at  the various retorts or boilers. If con- 
venience  was  taken  into  consideration,  he  agreed that under theso 
circumstances the inclined conveyor should be used ; but  he  had 
DO hesitation in  saying  that where coal  could be delivered at  the 
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end of a  building,  and could be  thrown  directly  into  the  longitu- Mr. Brown, 
dinal conveyor, the vertical  elevator  was the more easily  adapted, 
because it could be fixed close against  the  wall,  and  heavy  struc- 
tures, such as  were  necessary  for an inclined  elevator,  were  not 
required. With  regard to the speed of elevators, it was important 
that  the speed required at  the point of throw-off should  be  known 
exactly. In  Fig. 4, the bucket was suspended in  the  centre-line of 
the pitch-chain,  and as it passed over the sprocket its speed was the 
same as  that of the chain. But  in Fig. 1 the bucket  was  attached 
to the outside of the chain,  and  when it arrived at  the sprocket- 
wheel the mean radius of its  path was increased  by  half the  width 
of the bucket.  Thus, if  the buckets  were 6 inches wide, and the 
sprocket-wheel 2 feet in diameter, the mean radius of the  path of 

the buckets  would  be 12  + - = 15 inches; so that  the s p e d  a t  

which the contents  were  thrown off at  the top  was  here 25 per 
cent.  higher  than  with such an elevator as was shown in Fig. 4, 
having  a pulley of the same diameter,  namely 2 feet. The  vertical 
elevator was therefore  capable of throwing the coal clear of the 
preceding  bucket, and  into  the shoot. If the shoot, instead of 
being so close to the top  as it was shown in the diagram, was 
extended  horizontally  and  then  inclined,  the coal  would  be thrown 
of at  the top  almost  horizontally,  and would drop  down the shoot. 
In  calculating  the speed of chain  required to  deliver  a  certain 
quantity of coal, it must be remembered that  if  the bucket was sus- 
pended on the outside of the chain, as shown in Fig. 1, it must  be  a 
little larger,  and the speed of the chain  a little less. With regard to 
the push-plate conveyors mentioned in  the Paper,  he  did  not think 
all had  been  said in their  favour that  might have been said. Such 
examples  as  were  illustrated in Figs. 16 and 17 were not altogether 
suitable  for  feeding  hoppers  connected  with  the  stokers of boilers, 
or the hoppers of gas-retorts ; because the  return chain  ran at  the 
bottom of the conveyor-trough,  instead of along  the top. Apart 
from that,  the section of trough  shown  in Fig. 16 was so shallow 
that it would scarcely  hold sufficient coal. In  Fig. 17 an arrange- 
ment was shown which the Author advocated, because it allowed 
the chain to be as nearly as possible in  the centre of the push- 
plate. He had seen such an arrangement at work ; and  whenever 
it was loaded to its full  extent  the coal jumped over the top of 
the push-plate,  and the arrangement  was  not effective. Again, 
the  rubbing  part shown in the  centre was always covered with 
coal, and did  not at  all relieve the chain in  its course through the 
trough. In a conveyor erected  by  him  about 7 years ago, he had 

6 
2 
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Mr. Brewn. adopted the  arrangement shown in Fig. 42. The  trough in which 
the push-plate  ran was  flat-bottomed  and 12 inches wide, 
the sides  being 6 inches deep. The  runners  ran upon  channel 
bars 4 inches deep. The  axle passed just above the top of the 
trough sides, the intention  being that  the wheels  should be as low 
as possible, while  a  large  area was obtained  for the coal to  travel 
in. On the boss  of each pulley  a grease-cap was sarewed, which 
foraad the grease on to the axle,  and formed a  bearing into 
which  coal-dust could not  penetrate. The conveyor delivered 
20 tons of coal per  hour : the pitch of the plates was 2 feet and 
the  travel 150 feet  per  minute : the  total  length of the conveyor 
was 120 feet. It had now been working  for 7 years, and  the chain 
had  never been off the sprocket-wheels. The amount of wear and 
tear was very small,  and the conveyor was so free from repairing- 
charges that he  thought it compared favourably with  the figures 
given in  the Paper. A similar conveyor, 18 inches wide, with  the 

n Fig. 42. 

push-plates 21 inches  apart,  delivered 60 tons per hour. It was 
350 feet  long,  travelled a t  150 feet  per  minute,  and  had  been 
working for 18 months  without any failure.  The  two conveyors in 
question had been  designed  for gasworks, with  the  intention  that 
they  should  not work continuously. They worked for 5 hours  out of 
the 24, the one delivering 100 tons  and the  other 300 tons in that 
time. The  intention wag that, when  a  fresh shift of men came 
on first thing in the morning, they would immediately  fill the 
hoppers  for the  retorts;  and  in  the afternoon, before they left, 
they would put  in  the supply  for the  night  shift, so that  the 
machines  were  not  worked during  the  night. In the  Table on p. 95, 
a conveyor which  transported coal 30 feet was mentioned  as  costing 
S2  9s. 4d. per  lineal foot, which  meant  under S70 for the  total cost. 
But  the first cost of that conveyor was given  as $296 ; and  he  would 
like  to know why  the  extra S226 had  been added. Further,  the cost 
of repairs to the same conveyor was stated at 570 6s. He would like 
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to know  what  period of years  was covered by  that expenditure, Mr. Brown. 
because it was  difficult to understand  how  the cost of repairs came 
to be equal  to the first cost of the conveyor. Possibly the 5226 
added in  the first  instance  represented the cost of steam-engines, 
screens, crushers,  and  other accessories in connection with  the 
,plant. He thought  the arrangement  illustrated in Plate 2 
courted  disaster. In the  first place, the hopper was  shown as 
standing immediately above the coal-breaker, and  there was no 
indication of any device for intercepting  foreign  material, such as 
stone  sets,  railway  brakes,  broken wheels, and  other  things  which 
were  found in railway wagons. Unless such things were inter- 
cepted, speedy  destruction of the coal-crusher resulted.  Another 
essential  point was that, before passing into  the crusher, the coal 
should be passed over a  grid,  which would allow  the  small coal to 
drop down t o  the elevator-boot, and  not pass through the crusher 
a t  all. The addition of these  two  details  would  render more 
effective the  arrangements shown in the diagram. 

of an elevator  for  such  materials  as coal had  a  range  inside 
the boot at  the bottom, the distance  between the  lip of the 
bucket  and the curve of the bottom plate of the elevator 
varied. In a good elevator that distance  should  always be 
about 1 inah. With a  tightening-gear of 7 inches or 8 inches 
range,?a block might be caused by  large pieces getting  in when the 
buckets  were some distance from the bottom. In order to remedy 
that, elevators  were  designed with  tightening-gear at  the head. 
They worked satisfactorily until it became necessary to  tighten  the 
chains,  which  had to be done by  lifting  the sprocket-wheels : the 
whole of the gear  whichdrove  the elevator  had  then to be adjusted, 
and  probably the positions of the delivery-shoot  and the elevator- 
head had to be altered. He had  had  experience  lately of such 
elevators, and  had found that it was a good plan  to  have the 
tightening-gear at  the bottom, but, instead of having  the 
wheels rising and falling in the boot, to have the boot itself 
moving up and  down;  that was, the buckets at  the  lip were 
1 inch off the bottom  plate, the legs  were  supported  by means 
of brackets from the floor, and  the boot  was arranged to slide 
up  and down between the brackets. The tension-screws thus 
kept  the  chain  tight,  without  altering  the distance between the 
lip of the bucket  and the curve of the boot. The buckets of the 
elevator  were  continuous. In most coal-elevators the  dredging 
action  was  a cause of serious  wear  and  tear  and  waste of power. 
His practice was to feed the material into  the  leg about 2 feet above 

Mr. S. W. PORTER remarked that when the  tightening-gear Mr. Porter. 

I 2  

Downloaded by [] on [13/09/16]. Copyright © ICE Publishing, all rights reserved.



116 DISCUSSIONON YECHANIOAL HANDLING OF NATERIAL. [Minutes of 

Mr. Porter. the bottom of the elevator. The buckets were made almost to  fit the 
leg  for this distance. The  material was fed in gently from the 
feed-shoot and  was deposited straight  into  the buckets,  nothing 
being allowed to go past  to the boot. The  running of the bands in 
band conveyors depended chiefly on their  quality.  Bands  varied 
considerably, and inferior  bands  always  did run a  little  erratically ; . 
but  a band of the best quality,  such  as  was now  made with a 
breaking-stress of 400 lbs. per  ply  per  inch  width,  usually ran 
true; because, although  a  band of that  auality  stretched to some 
extent, it did so equally, and  the  tightening-gear could be  arranged 
to take  up  the whole of the  stretching of the belt,  which,  wherever 
possible, was endless. The  Author advocated tightening-gear of 
the  weight  type, which was necessary when the throw-off was of 
the swivelling kind shown in Fig. 23. When the  material  had 
to flow past, it was necessary t o  have a throw-off of that descrip- 
tion ; but it was much better,  where possible, to  have  a  throw-off 
with  the pulleys fixed, such  as was shown in Fig. 25. The 
tightening-gear could then be made with tension-screws, which 
was by  far  the  best method. With such  gear  there  was  a screw on 
each side;  and  instead of being pushed, as described in  the Paper, 
the pulley was pulled, the screws being in  tension;  thus  the 
tightening-gear could be made of almost any  length. I n  practice 
he  had found that about 4 per  cent. of the  length of the belt 
was sufficient allowance  for the tightening-gear, if a  belt of 
good quality was used. The  true  running of the  belt de- 
pended also on the details,  which were very important. The feed- 
hopper, for instance,  must be so arranged that  the  grain or material 
came almost  to rest on the back of the hopper,  and  then flowed 
down'in  a curve on to the band, in  the  line of travel,  without  any 
vertical drop. Further,  the rollers  must  be balanced-an impor- 
tant  detail which  had  not  been mentioned. If  the various  points 
to which he had  referred  were  attended  to, no difficulty would be 
experienced from a belt  not  running  true. Lubrication was of 
the utmost  importance in conveying-machinery, on account of the 
large  amount of grit and  dust  attending its working. He had 
found that thick grease, with automatic  drop-pistons  fitting into 
the caps of the bearings,  gave the most satisfactory  lubrication  for 
the rollers. 

Mr. Lockhart. Mr. WM. S. LOCKHABT presumed that many of the conveyors 
desaribed by the Author  were for raising wheat. From an engin- 
eer's point of view, wheat seemed to  have been specially  created 
in order to be  raised.  Probably the boot with tightening-gear 
a t  the bottom was intended  for wheat; it could never  be  cleared 

Downloaded by [] on [13/09/16]. Copyright © ICE Publishing, all rights reserved.



Prooeedings.] DI~UUSSION ON IKECHANIUAL HANDLINC~ OF MATERIAL. 117 

Out, but  with wheat the buckets could easily be got through. One &fr. Lockhart. 
plan of clearing  a boot, which  had  not been mentioned, was to  
have one or two of the buckets of the elevator  a little longer than 
the others, so that while most of the buckets worked fairly 
lightly  the  larger  buckets cleaned up after  them. If that was 
done, the  tumbler at  the bottom must work on a fixed point; there- 
fore, i t  would not do to have the  tightening-gear  at  the bottom. 
On the whole, where it was practicable, it was  more convenient to  
have the tightening-gear at  the top. He would like to know if 
such  material  as  slurry  or  slimes could be conveyed with  a  vibrating- 
trough conveyor. There was nothing 80 difficult to  move, even in 
a  horizontal  direction,  as slime, unless i t  was run at a  high speed. 
Even in  a pipe it had  a  tendency to  settle and block the pipe, 
though sometimes flat  pipes could be used with advantage. It was 
so difficult to move slime in a  horizontal  direction that it was often 
necessary to  hoist it up vertically  and let it run down to its destina- 
tion. The  swinging conveyor might  yield  a  solution of the diffi- 
culty, because the solid  matter,  which was exceedingly fine, would 
be kept constantly  stirred  while it was travelling. He presumed that 
such a conveyor could not be used to raise the  material uphill, but 
that it should be inclined  slightly downwards. He would like to 
know  whether the conveyor had been used for damp gravel,  which 
was a difficult material  to  handle. If  so, at what  angle,  according 
to size, could the  gravel be  conveyed ? Probably when sand was 
reached difficulties would arise. 

conveyors which the Author described, at work on various mate- 
rials ; particularly  the one advocated for coal, minerals  and wet 
gravel. It had  not been at work on an incline,  but i t  had  seemed 
to convey wet gravel  successfully ; how it would convey slimes 
he was not  able  to my. With regard  to conveyors for loading 
ships  with coal, he did  not see why  either  the  push-plate 
conveyor or the  swinging conveyor might  not be fixed to 
every  coal-carrying  ship,  and serve to load the coal w i thu t  
much  expense for trimming. He thought  the  swinging con- 
veyor, in which the plates could be  made with openings, 
might  be applied so that ships could be loaded cheaply. 
With  regard to the cost of maintenance,  he  had understood, 
in conversation with  the  late Mr. Chester, that he  had placed 
the conveyors all on the same footing,  namely, on the results of 
1 year’s work ; and  that  his experience had been that  the push- 
plate conveyor showed heavy wear and tear. At  that  time Mr. 
Chester  had  not made the acquaintance of the  swinging conveyor, 

Mr. A. R. TATTERSALL remarked that  he had seen many of the Mr. Tattersall. 

Downloaded by [] on [13/09/16]. Copyright © ICE Publishing, all rights reserved.



118 DISCUSSION ON MEOHmICAL HANDLING OF MATERIAL. [Minutes Of 

JIr. Tattersall. and had been unable to  say how it would compare with the others. 
He would like  to see the conveyor referred to  by Mr. Brown as 
having conveyed  coal  for 7 years without ever having been off the 
sprocket-wheels : it would be a curiosity. The problem of con- 
,veying materials of all  kinds in factories must necessarily force 
itself to the  front  as  the difficulties  connected with labour became 
recognized. In flour-milling it was rare  to see the material handled 
at  any stage ; even the weighing, he believed, could now be done 
automatically. 

APjohl1. Mr. J. H. APJOHN remarked that  during  the past 2 years he had 
had  his  attention specially called to  the problem of loading coal 
mechanioally. He had  visited America twice in order to see what 
was  being done there,  and  he  had also inspected various conveyors 
a t  work in England. His experience was that  the American 
systems were a great deal ahead. Nothing could be much better 
than  the  English  practice of dumping the whole contents of a 
wagon into  the  ship, where it was practicable ; but where it was 
not so, the American systems had great advantages. The conveyors 
described by  the Author, which were apparently those in use in 
England,  did not seem to be of large  capacity, the speeds being 
low. In America much higher speeds were used, and thereby a 
much larger capacity was obtained. At Louisville, Nova  Scotia, he 
had seen a ship loaded with 5,500 tons of small coal in 8 hours, 
by one belt conveyor giving off to  the different hatches a t  
intervals. It was usually worked at about 400 feet  per  minute, 
but when pressed the users did  not hesitate  to work it a t  
speeds up.to 700 feet  per  minute. He had been asked to  draw  up 
a scheme  for loading coal for a large ship-owning company, and 
after  carefully considering the  matter he had decided in favour 
of an arrangement  combining  two kinds of conveyors-Brown 
hoist conveyors and Robins belts. The Brown hoist was neces- 
sary for  putting  the coal into stock, when the  ship was not ready 
to receive it a t  once. The project he had  submitted provided for 
stocking 50,000 tons of coal : it also provided for taking from stock 
and  putting  into  the  ship;  or for putting  into stock from the  ship; 
or for loading  direct from the wagons into  the ship. The com- 
bined system provided for loading 400 tons per  hour  direct from 
wagons, and 170 tons from or  into stock. For  trimming in  the  ship 
there was an arrangement of scrapers. He had carefully considered 
the possibility of adapting a conveyor  for trimming in  the  ship, 
but had  found  many difficulties. He had adopted a scraper which 
he had seen in operation in  America, which worked very 
effectually, by  electric power, and scraped the coal to  the bulkhead. 
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At  Toledo on Lake  Erie  he had seen a  ship  being loaded by one Mr. Apjohn. 
Brown  hoist conveyor. The coal  was dumped from wagons con- 
taining 40 tons of coal, into  buckets, each containing  nearly 7 tons. 
The buckets  were then  lifted,  and  their contents placed in  the 
ship. One conveyor travelling  backwards  and  forwards served 
the four  hatches of the  ship in turn, and put  in on an average 
7 tons every 75 seconds, or about 300 tons per hour. 

to the perfecting of some  good plan of conveying with  as much 
hopeful anxiety  as  did members of any  other branch of the 
profession. One material  had  not been considered in  the dis- 
cussion-namely, coke. Of all  the materials with which  engineers 
had  to  deal,  perhaps coke was the most difficult,  especially  hot 
coke. He had lately been looking  carefully  into the question of 
conveying it, had  visited  several  works  both on the Continent 
and  in England,  and  had  inspected many different conveyors. 
Finally, he  had  advised his directors to  put down  a  push-plate 
conveyor. He had  not  had any extensive  experience with  it,  but 
hitherto  he had found it particularly  satisfactory,  except in one 
direction : unfortunately it was necessary to take  the coke out a t  
the sides of the  retort-house  and  not at  the ends ; consequently 
the two conveyors which  ran in front of the  retorts had to discharge 
their coke on to  a  transverse conveyor, which  had  then  to  elevate 
the coke to the hoppers. Severe wear and  tear took place at  the point 
where the transverse conveyor left  the horizontal  and assumed an 
inclined  position;  and  he  had  had to renew  the  wearing strips  within 
3 weeks of putting  the machinery  to work. One speaker  had 
expressed the opinion that it was a  mistake to deliver  into  a boot, 
and  then  allow  the elevator to scrape the  material from that 
boot. He entirely ,agreed with  that opinion. He had visited 
a works some time ago where the cross conveyor delivered 
directly on to  the buckets of the elevator,  and he had been told 
that  the amount of breakage  to  which the Coke was subjected- 
which  was an important matter-had been diminished to  a  large 
extent by doing away  with  the boot, and by adopting the 
system  he  had mentioned. He could not  help  thinking it was 
a step  in  the  right direction to do away with  the boot, which 
ground up  the coke so much, and to deliver  directly on to the 
elevator. 

very successfully by belt conveyors. 

u8e machinery  wherever possible, the question  whether it was 

Mr. J. W. HELPS remarked that gas-engineers looked forward ~ ~ l ~ ~ .  

Mr. APJOHN stated  that  in America he  had seen coke carried M ~ .  Apjohn. 

Mr. F. E. DUCKHAM observed that,  although it was advisable to Mr. Duckham. 
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Mr. Duckham. advantageous  or  not to do so must always be considered. If  a large 
capital  outlay had to be made on a machine which was used only 
occasionally, that machine, however  efficient, might not be worth 
the money expended on it. Moreover,  for different materials 
different machines were necessary. Three  or four different plans 
of conveying material were in  use at  the Millwall Docks. The 
oldest machine was used for conveying dredged  material from a 
dredger to a point on land about 300 yards from the water-side. 
The dredged material was put  into a tank,  and  air a t  a pressure 
of 20 lbs. to 25 lbs. per  square inch was used  for forcing it through 
pipes on to waste land. That process had been carried out success- 
fully for the  last 20 to 30 years. I t  was  also necessary to convey 
timber from the water-side to a point 300 yards  to 500 yards 
away from the quay. For  that purpose conveyors like those 
to which the President had referred had been adopted. He 
had  visited Norway and Sweden 3 years ago,  for the purpose of 
inspecting  such machinery, and seeing if it could be adopted at  the 
Millwall Docks ; and  eventually  he  had come to  the conclusion 
that it was  admirably suited for the work. At Millwall the 
barges containing  the deals were  brought alongside the quay; 
at  the quay-side there was a staging upon which were mounted 
four  pairs of endless chains, which  had dogs attached to them a t  
intervals of about 6 feet. The men in  the barge put a deal on 
to a pair of hooks, and each pair of travelling endless chains 
took up  the deals one after  the other, at  the  rate of about  six 
per minute, to  the top of the  gantry, where they were tipped 
into a trough, in  the bottom of which were a number of rollers 
revolving a t  about 120 revolutions per minute. On these  rollers 
they  were  carried to the  other end of the  line or deposited inter- 
mediately, as desired. The motive power was electrical. Lastly, 
grain had to be lifted  and conveyed. For  lifting it out of ships, 
the pneumatic  elevator  was  undoubtedly the most suitable 
arrangement. It not only  lifted  the  grain  fairly cheaply, but 
i t  had also the  advantage  that  the  grain could be collected 
from the different parts of the  ship  without  the expense of 
trimming.  Trimming into  the hatchways cost 2d. to 4d. per 
ton, which  amount was saved by  carrying  the suction-pipes 
of the machine to  any  part of the  ship where the  grain was, and 
so collecting it  and  bringing it to the elevator itself. But  the 
pneumatic elevator was  not suitable for every purpose. For 
lifting from the ground to  the  top of a granary it was not 
better  than  the ordinary  grain-elevators described in the Paper. 
The Millwall Dooks were now being equipped with a granary 
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which would have  a  capacity of about 150,000 quarters,  and  a hlr. Duckham. 
loading  capacity of about 300 tons  per hour. The work would be 
done by four  pneumatic  elevators taking  the  grain  out of the 
ships,  and by four  horizontal band-conveyors taking it thence to the 
shore. When it was ashore, the  lifting  into  the  granary would 
be done with machinery of the ordinary  kind,  and the  distributing 
by pipes which conducted the  grain  into  the different floors. 
The  granary had  a floor-area of 7 acres, and,  by  diverting  the flow 
of the  grain,  any  part of the  building could  be reached. 

doubtedly an important  detail of an elevator. It was usually 
arranged at  the bottom, because, if arranged a t  the top, the 
tightening of the chain  or  band  generally  upset the driving- 
band, unless  this ran at  right angles to the elevator.  Where 
grain-elevators  were concerned, it did  not  matter  about the 
distance  between the buckets  and the elevator-well  being  variable. 
Where ashes, coal, or other  material of varying size wm  raised, , 

i t  was advisable to keep the space  between the buckets  and the 
well fixed, as in  the elevator shown in Fig. 4 ; the elevator-well 
was designed to move up or down with  the sprocket-wheel when 
the chain  was'  adjusted,  as  mentioned  by Mr. Porter. He did 
not  think  the elevator was likely  to become  choked at  the 
bottom  if the buckets  were  large  enough to cope with  the feed- 
making  due  allowance  for the largest pieces-and if  the elevator 
was properly fed. If it was fed from a  large  accumulation of 
material,  a block was  very  likely  to  take place, or the feed 
might be stopped  altogether,  by the material  forming an arch over 
the shoot ; but  in such  a case the elevator  should be  fed by an oscil- 
lating feeding-shoot which  deposited a t  each backward  and  forward 
stroke  about  as  much  material  as  the  elevator would take ; tl~cre 
would then be no choking. This  was necessary only when the 
material came intermittently-say  a  truck-load or' grabful at a 
time-or from a stock-heap. The elevator-buckets should ascend 
and meet the stream of material entering  the elevator well, and 
not  vice  versa,  or,  better  still, the feed should be spouted into 
the elevator leg above the well, as  mentioned by Mr. Porter. 
I n  reply  to  Sir  John Wolfe Barry,  almost  any  kind of con- 
veyor could be  fitted  beneath the deck of a  large  ship for con- 
veying the coal to  the far ends, or to  any intermediate  point ; but 
only  such conveyors as could deliver at any  point would be suitable 
for the purpose. Undoubtedly the  swinging conveyor could be 
used, and  the coal could be deposited at  the hold, in a hopper which 
communicated  with one end of such a conveyor. Of course, the 

The AUTEOB, in  reply, said that  the tightening-gear was un- The Author. 
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The Author. conveyor  would have to be part  and parcel of the  ship,  as it would 
take too much time  to dismantle and re-erect it whenever the  ship 
had  to be loaded. There was,  however, one class  of conveyor 
which appeared to be more suitable for the purpose than  any other. 
Being on the  intermittent principle, this conveyor was not mentioned 
in  the Paper. It was the invention of Mr. Hunt,  and was largely 
used for fi l l ing coal-stores-work similar to  that required on 
board ship. The appliance was inexpensive, and consisted of a 
line of rails  and some self-emptying trucks:  only  the  rails 
need be a fixture  on  the  ship;  tho  trucks could be removed 
and  kept at   the port for use with  all vessels fitted  with such 
rails. This conveyor was used for distances of 250 yards, so that 
it was long enough for the  largest vessel. No driving-power was 
required,  which was a point in  its  favour; and the man 
attending  the apparatus need have no special training whatever. 
The capacity of such a conveyor  would be 100 tons per  hour for 
one line of rails, but several conveyors  could of course be used  for 
one vessel. The  line of rails  had a gradient of about 1 in 33 
from the hold to  the bulkhead, and upon it ran a specially con- 
structed  truck. As soon as the  truck was full, it was released, 
and  ran by its own weight  to  the point a t  which discharge was 
required,  where it opened automatically and discharged its load, and 
then  ran back uphill  to  the  starting-point  to be reloaded. A hopper 
was required, into which a coal-tip of any  kind could discharge 
the coal, and from which the automatic wagons could be filled. 
When released, the  truck  ran down with  steadily increasing 
velocity, 60 that  by  the  time it approached the bottom of the 
incline the speed was considerable.  Across the  rails was  arranged 
a cross-bar with which two projections on the descending truck 
came in contact, with  the  result  that  the  bar was carried away in 
front of the  truck for some  distance. To  the cross-bar was 
attached an endless rope connected to a counterweight. The 
momentum of the loaded truck was thus  utilized  in  raising  this 
weight,  which, on being released, hauled the  empty  truck back to  its 
starting-point.  The bottom of the  trucks was /\-shaped, and there 
weretwo flap  doors,  one on each side, extending the whole length of 
the  truck  and hinged from the  top  at  the ends of the truck.  Thc 
doors were connected together  by  levers which, when released by  an 
attachment fixed at  the sides of the  rails, opened the doors. The 
contents of the  truck were thus immediately released on both sides 
of the rails, the form of the bottom of the  truck preventing any 
coal from  being spilt on the rails themselves. The  empty  truck 
was then hauled  back by  the descending counterweight,  and, on 
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its return  to  the starting-place, a simple  operation closed the doors The Author. 
in readiness for another load. The same arrangement could be 
provided on both sides of a hold, and  two  or  four  lines of rails 
could take coal  from a common hopper. Probably for loading ships 
a modification  would be necessary,  because a line of rails  far enough 
from the deck to allow of the  truck  running between the deck and  the 
rails would occupy too much space in the ship's hold;  but  he saw 
no reason why  trucks  similar  to those described  could not be built 
with wheels at  the top, instead of at   the bottom, so that  the rails 
could be fixed  close to  the  top of the hold. He was well  acquainted 
with  the  installation described by Nr. Shoolbred, but  as  that 
method  was also an intermittent system, it had  had to be 
omitted from the Paper. The machine described by Mr.  Molesworth, 
though a casting-machine, might be called a conveyor, as it was 
similar  to  the travelling-bucket conveyor. There were quite a 
number of them a t  work, principally in  the  United States. I n  
England  they had been adopted by  the Millom and Askam 
Hematite Company of Milloml and by the Palmers  Shipbuilding and 
Iron Company, of Jarrow-on-Tyne. The former company had  the 
Uehling, and  the  latter  the Heyl-Patterson machine.2 The  two 
machines did not differ much in general design, except that  with 
the  Heyl-Patterson machine the pigs were cast in  the moulds while 
partly submerged in  water ; and, in order to prevent  sticking,  the 
moulds of the  Uehling machine were coated with a spray of lime 
water,  while in the Heyl-Patterson machine they were coated with 
soot. There were two  other  varieties of casting-machines, the 
Bamsay3 and  the H a ~ d o n . ~  In the Ramsay machine the moulds 
were placed round the circumference of a large circle, while in the 
Uehling  and Heyl-Patterson machines they were in a straight line. 
In the Hawdon machine the moulds were arranged  partly in a 
straight  line 'and partly  in a circle. There were several  Hawdon 
casting-machines a t  work in  England, on the Continent, and  in 
America. With reference to Mr. Nolesworth's question  about dis- 
oharging from elevators, the diagram (Pig. 43) showed the  curve 
described by  the material discharged from the elevator. No 
matter  with  what velocity a body might be thrown off tangentially 
from the elevator-pulley, the moment it was  free of its support 
the  attraction of the  earth asserted itself, and caused the body to 
fall. If  the  initial  direction of motion was horizontal, as was the 

Irm and Coal Trades Review, 1898, p. 912. 
laid, 1899, p. 952. 
Engineering and Hining J m m l ,  1901, p. 7. 

* The Engineer, vol. lxxxviii. p. 111. 
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The Author. case with  the delivery from an  elevator, the  attraction of the  earth 
caused the body to move in  a parabolic  curve,  and the heavier the 
body the more would its  path deviate from the horizontal a t  
every  instant. A light body with  a given  linear  velocity would 
prooeed in  an approximately  horizontal line for  a  longer  distance 
than  a heavy body, as the earth's  attraction was more or less 
counteracted  by the friction of the atmosphere. He  thought  that 
Mr. Brown, when  questioning the advisability of slanting  elevators 
for coal, had had only  gasworks  and  boiler-stokers in view. For 
such  purposes  there was no objection to  the elevators  being in  a 
vertical  position, because the coal had already been broken t o  a 

Fig. 43. 

small size, and  a  little additional  breakage would be immaterial. 
As stated  in the Paper,  vertical  elevators for heavy  materials were 
objectionable on account of the high speed at which they would 
have to run in order t o  deliver the material down the discharge- 
shoot,  and the consequent  breakage. If breakage was of no import- 
ance,  there was no objection to the  fast-running  vertical  elevator. 
An elevator  ha,ndling  friable  material,  and running  at  its proper 
speed,  must be wholly or partially  inclined, in order  to  deliver 
satisfactorily.  Inclined  elevators possessed an undoubted  advan- 
tage for  heavy loads, as the load was  dragged up on the inclined 
supports,  and  therefore  did  not  hang on the top  gear of the elevator 
with its whole weight. The speed at which  elevators should run 
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was given  in  the Paper  for the ordinary type of elevator, in which The Author. 
the back of the bucket was attached to  the chain  or  band. 
Buckets  suspended from their sides, as shown in Fig. 4, were 
rarely used, and were adopted for convenience of discharging 
sticky  materials, or where  a  slow-running  elevator  must  be 
vertical.. As a  rule,  such  elevators would run  at  a lower speed 
than  that  stated  in  the Paper, in order to  give the material  time 
to  drop  out of the buckets. In this respect the construction  must 
depend entirely upon the  kind. of material conveyed, and  there 
was no occasion to go  into the merits  or  demerits of various speeds 
of travel. The designs of push-plate conveyors were so numerous 
that within  the narrow  limits of a, Paper it would be impossible to 
describe  every one. The examples given in Figs. 16 and l7 were 
approved  designs by good makers, and  were  both in use in  the 
gasworks at Nottingham, and at other places. The  fact  that 
the  late Mr. Chester, who had  had  much  experience with 
push-plate oonveyors,  had selected those two, proved their 
merit. The Author’s own experience caused him  to  regard 
them with favour. In both, the friction  between the coal 
and the trough occurred only at  the  bottom;  and  he did not 
think a narrow  and  deep  conveyor-trough,  such as that de- 
scribed  by Mr. Brown, could be made at any less cost than 
a  shallow  and  wider one. He had had the opportunity of seeing 
a conveyor of the same construction as Fig. 17, in a London 
electric power-station, where it had given satisfaction  for  a  number 
of years, though the chain  had  lately shown such  signs of wear 
that  its renewal  had become necessary. The appearance of this 
conveyor had proved clearly  to  him that  the renewable  bar at  the 
bottom fulfilled its purpose, because he  had found it brightly 
polished by  friction  against the chain. With reference to  the point 
at which the push-plate  should be attached to the chain, it would 
appear to any  engineer that  at or near the middle was the best 
place;  for  if the chain was attached  to the  top end of the plate 
there was a  tendency for the  latter  to get out of square with  the 
trough,  and also a tendency  for it to push  itself away  and  ride 
over the top of the coal. He was  unable to throw more 
light on the points  raised in regard  to  the figures for the first 
cost of some of the conveyors, in  the Table on p. 95 ; 
but  he was  sure  that  the cost of steam-engines, screens  and 
crushers was not  included in  the cost of the different appliances. 
The  installation  illuatrated in Fig. 32, Plate 2, was as 
complete a  plant as could be desired for its intended purpose, 
namely,  handling  coal: it was not  meant to deal with stones, 
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‘rhe Author, railway brakes and broken wheels; and  there was no machine 
known  which would separate  such articles from coal. A screen, 
which  was occasionally  provided, might  or  might  not keep  such 
articles back ; but it would also retain  large pieces of  coal, which 
would have to be broken with a hammer in order to pass the 
screen. Such screens had  usually a mesh of 6 inches, and  might 
pass a piece of iron big enough to damage the coal-breaker. The 
only safeguard  was to  have a man to pick out  any foreign 
matter  that  might be mixed with  the coal. He had recently been 
informed by  the engineer of a large gasworks that, beyond a 
miner’s lamp and a blasting-cartridge, he had never found anything 
mixed with  the coal. The  cartridge  had been in the scoop ready 
to go into  the  retort  when it had fortunat,ely been  detected. I f  
Mr. Brown had a device for keeping back such impurities, it would 
undoubtedly be of great  interest  to coal-users. The suggestion as to 
picking  out  the  small coal was of little importance. The small coal 
dropped readily through  the coal-breaker, which  was set  suficiently 
far  apart;  and  the addition of a screen it8 suggested would 
necessitate deeper excavation, which in most  cases was objected 
to. The expense of making  the excavation deeper, and  the 
elevator longer, waa not warranted by  the slight advantage gained 
by the adoption of a screen. He agreed with Mr. Porter’s remarks, 
and the  practice of feeding elevators some distance above the neck 
of the elevator boot was a good one. It was especially applicable 
when the elevator  was inclined, because then  the buckets caught 
practically  everything  that came  down the spout and allowed 
very  little  to  drop  into  the boot. He could not  agree  with Mr. 
Helps  as  to  the  desirability of doing away  with  the boot 
altogether ; in the event of anything from the shoot missing the 
buckets it would accumulate in  the bottom, where it could easily 
be picked up,  as it would contain no large pieces, and  there would 
never  be a sufficient accumulation to cause any trouble. Screw 
tightening-gears on band conveyors were  practically the same, 
whether they were used for pushing or for  pulling,  and  the use 
of either  kind  must depend upon circumstances. For long  adjust- 
ments, the pulling action was  undoubtedly preferable, as mentioned 
by Mr. Porter, because the screw was then  in tension, and could 
be made of smaller diameter. filimes  would  be rather difficult to 
convey with  the  swinging conveyor, but  if a fall was  available 
there would be no difficulty, provided the slimes were not too  wet. 
The cable conveyor could alsobe used  for this purpose; and probably 
it would be more suitable, as a large  quantity of water could be run 
with  the pulp, and  the disks a t  intervals would prevent adhesion to 
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the trough.  Wet  gravel could easily  be conveyed with  the swing- The Author. 
ing conveyor, but  if  the material was sticky  the  trough needed 
cleaning at intervals. This conveyor was used not  only for 
conveying but also for sifting and  classifying  sand or gravel. It 
was not  advisable to  make it convey uphill ; if the  material was 
at all damp,  a downward incline was better,  even  if  only 1 in 100. 
Dry  gravel or  sand could be conveyed up an  incline of as much as 
1 in 20. The size of the gravel  to  be conveyed was quite 
immaterial. He  thought Mr. Apjohn’s statement, that nothing 
could be much better  than  the appliances used for  dumping the 
whole of the contents of railway wagons into ships, was open to 
question. The  appliances Mr. Apjohn referred t o  were largely 
used, and were  probably the best that had been  used so far ; but 
why  should  a  railway truck weighing 5 tons be  raised 50 to  60 
feet, in order to empty 10 tons of coal into  a ship’s hold ? The 
struotures for such  coal-tips  must be exceedingly  strong,  and  tho 
power required by  the machinery, even with  the balancing-devices 
in: use, was enormous. Would not a tipping-device on the level 
of the  rails,  depositing  the coal in a hopper (which  required no 
driving-power),  and  inclined  elevators for raising it, be much 
simpler, lighter  and  ,require less  driving-power ? The  elevator, or 
part of it, could  be made to swivel like  a  jib, and  thus  be raised 
or lowered to suit  the position of any ship  to  be loaded. The 
speeds of band-conveyors given in the  Table were the best 
economical speeds. There was no reason why  they should  not  be 
exceeded; but if conveyors were worked at higher speeds than 
those given  in  the Table  there was greater  danger of breaking the 
coal at  the point of delivery ; so that  it was more  economical t o  
make the appliances  larger  and  work  them a t  a lower speed. The 
four  new  coal-tips at  Penarth Dock were  capable of loading 2,154 
tons in 2 hours. He failed t o  see the wisdom of running  a band, 
designed to work a t  400 feet  per  minute, at  the speed of 700 feet 
per  minute, a8 the coal would fly off nearly  twice  as  far  with the 
fast-running  band  as  with  the slow one, and  the breakage at  the 
higher speed must be disastrous. The electrically-driven  scraper 
in America might be a useful  appliance for trimming,  and was 
also used for the purposes of unloading. With  regard  to coke, 
there was no difficulty whatever in conveying it with  either  a 
good band or the  swinging conveyor. Such a  swinging conveyor 
had been at work at  the Margate  gasworks  for more than 2 years 
with  great success. For conveying  hot coke the best conveyor 
was  probably the De Brower, consisting of two  chains concealed 
in  the sides of the conveyor-trough,  and connected by  bars which 
pushed the coke along in the trough. 
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